The work in terms of this agreement will promote investigations in physics of f-electron materials in the Institute, implementation of new experimental methods, involvement of new partners, and participation of the Institute members in International conferences. Contract will run for one year, beginning on the agreed start date.
When all tasks have been completed, three individuals from VNIITF and lower-tier Institutes shall visit LLNL. VNIITF covers all expenses connected with this visit (travel including local, accommodation, meals) for its employees, and power-tier Institutes for their employees. During this visit the results obtained in terms of the contract should be discussed, as well as perspectives for future collaboration. "RFNC-VNIITF" PI: Alexey Mirmelstein
The problem of ground state of plutonium metal is one of the central problems in modern solid state physics. In recent years this element has been the focus of both theoretical and experimental investigations. In spite of the considerable progress in the field of both theory (calculations of the electron structure) and experiments, many questions regarding the physics of plutonium remain unanswered, including those concerning the number of electrons in its f shell, clear understanding of its magnetic properties, and the driving forces of structural phase transition in plutonium.
Elegant XAS and EELS experiments performed by LLNS group have shown the f-count Nf ~ 5. analyze XAS and EELS spectra does not account for the reality of a solid state sample. On the other hand, the empirical MIV model can also be too simplified since it is based on the theoretical equations developed for the "ordinary" intermediatevalence systems fluctuating between two electronic configurations, and requires further development and verification. A direct way to improve our understanding of Pu properties would be to extend van der Laan's atomic model by for the case of a solid state sample. However, it is extremely difficult to incorporate into the atomic model non-integer filling of the f-states which follows from almost any electronic structure calculation for the materials of our interest.
In order to gain new insight into the electronic properties of Pu in the present work another approach can be suggested which is based on the cluster consideration of the system under study. Relativistic Discrete Variational (RDV) method will allow us to follow modification of atomic states as a function of the number of ions in the cluster. By the other words, it is possible to understand systematically how the atomic states transform when going from an isolated atom to a solid. Potentially, as a second step, effect of ionization may also be considered. In principle, from these cluster calculations it can be possible to derive independent estimate of the f-count and, perhaps, to obtain new basis for further development of absorption spectra calculations.
Experimental study of such important actinides' properties as bulk modulus, compressibility and phase stability as a function of external pressure are of great interest. To be able to perform these investigations, RFNC-VNIITF is developing now an experimental facility for X-ray diffraction measurements in a diamond anvil cell. I. Theoretical part. The RDV cluster calculations of the electronic configuration of fcc plutonium metal. I.1. The RDV investigation of the fully relativistic electronic and chemical bonding structures as well as electronic configuration of plutonium atoms in Pu2 dimer-the 1 st quarter of the project execution. These calculations will show the variation of Pu atomic states due to the formation of plutonium dimer. Influence of dimer size (Pu-Pu distance) on the electronic configuration will be investigated. Similar calculations will also be performed for Np and Am, plutonium neighbors in the Periodic table. This may be important for qualitative understanding of unique features of Pu electronic structure. I.2. The RDV investigation of the chemical bonding structure and atomic orbital (AO) populations for the central Pu atom in Pu19 cluster which geometry and boundary conditions correspond to the fcc δ-Pu lattice -the 2 nd quarter of the project execution.
Obviously, these calculations constitute the second step in studying the transformations of atomic states when going from an isolated atom to a solid, since the coordination number of Pu is increased from 1 to 12 in this case. Therefore, these calculations take into account the interaction of Pu atom with its nearest neighbors I.3. The RDV investigation of the electronic structure of large Pu79 and Pu201 clusters with crystal-lattice boundary conditionsthe 4 th quarter of the project execution. These calculations allow to follow transformations of atomic states when going from the first coordination sphere of the central plutonium atom to second and third neighbors. Thus, this step provides more realistic picture of Pu electronic states in a solid.
The RDV method is based on the solution of the Dirac-Slater equation for 4-component wave functions transforming according to the irreducible representations of the double point groups representing the symmetry of molecules or clusters. For the calculation of symmetry coefficients the original code will be used which realizes the projection-operators technique. The extended bases of four-component numerical atomic orbitals (AO) obtained as the solution of the Dirac-Slater equation for the isolated neutral atoms, also includes Pu7p1/2 and 7p3/2 functions, in addition to the occupied AOs. The degree of Pu5f, 6d, 7s, 7p states delocalization could be evaluated by the values of overlap populations of various pairs of atomic orbitals nij of the neighboring Pu sites. The overlap populations can also give the bond orders of these states. The values of nij for 5f-5f, 5f-6d, 6d-6d, 5f-7s and 6d-7s AOs can show the detailed structure of chemical bonding in the system under study. II. Experimental part. Development of experimental facilities for basic research of actinides: installation of X-ray powder diffractometer with Imaging Plate detector and diamond anvil cell, calibration and test experiments. II.1. Installation and testing of X-ray powder diffractometer equipped with diamond anvil cell -the 1 st quarter of the project execution.
Since this is a new experimental technique for the RFNC-VNIITF group, this step includes necessary training in operation with Almax-Boehler type of diamond anvil cell (DAC) up to ~ 30 GPa pressure as well as test measurements to calibrate pressure (using, e.g., NaCl as a pressure standard). II. . Using neutron diffraction measurements it was shown that only two CeNi phases exist within pressure-temperature domain (T < 300 K, P < 2 GPa), namely, the orthorhombic ambient-pressure and the tetragonal high-pressure ones. Thus, the planned experiments constitute a continuation of the study of pressure effects in CeNi to determine the low-pressure phase crystal lattice parameters as a function of pressure. The task includes also further attempts to determine the space group of the high-pressure phase of CeNi which remains to be unknown.
The most interesting pressure range for these experiments does not exceed ~ 5 GPa. However, efforts are to be undertaken to extend the measurements up to ~ 30 GPa for training reasons. II.3. Study of the pressure effects on the crystal structure of the chemically compressed CeNi-based compositions Ce1-xLuxNi (x < 0.2) -the 3 rd quarter of the project execution. The goal of this study is the same as in item II.2, but for chemically compressed composition. Existence of a pressure-induced phase transition is questionable in this system. II. 4 . Test experiments to study pressure effects on the structure of U-based materials -the 4 th quarter of the project execution.
The aim of previous measurements includes both scientific and methodical components since they provide necessary experience in operation with DAC. Experiments with U-based materials are required to test experimental ability of the instrument to work with highly-absorbing samples. This is the main goal of item II.4.
The reports on the work performed are to be submitted each half a year of the contract execution. The results are to be presented at the international conferences (e.g. Plutonium Future -The Science 2010 and/or other related meetings) and published in pre-reviewed scientific journals.
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2.3
Deliverables : This table should specify briefly (one line) the expected deliverable(s), the number of months after award of the agreement that the deliverable is expected, and the amount that will be paid when the deliverable is accepted. If a task has subtasks, then a deliverable and the amount to the payment for that deliverable must be specified for each subtask.
The Institute shall prepare all reports in both English and Russian. Reports shall be submitted electronically by e-mail. If reports can only be submitted in paper form then the Institute shall identify this requirement in advance and mail the documents to the Lawrence Livermore National Laboratory. A list of the required deliverables is defined in the chart below. The Boehler µDriller is a fully-automated electro-discharge-machine system that enables the drilling of precision holes in a gasket material required to perform high-pressure experiments in diamond anvil cells. Deliverable Structure The final report should be in English and Russian. The report and draft shall be transmitted both electronically and on paper. The electronic version of the report can be either transmitted by electronic mail or on a disk in Microsoft Word format. Draft versions of the report should be provided one month before the official due date. The US will provide comments within 10 business days. The Russian Facility shall identify all proprietary information with appropriate visual markings. Information not identified as proprietary shall be considered non-proprietary.
Item
Delivery
The Seller agrees to deliver as shown above after authorization to proceed. Such authorization shall only be in the form of an Order issued and signed by LLNL's Procurement Department. Delivery is in months after authorization to proceed.
